Avian reoviruses (ARVs) can infect a variety of species worldwide. Birds can present stunting syndrome, respiratory and/or enteric diseases, immunosuppression, malabsorption, viral arthritis/ tenosynovitis, and even secondary infections by other microorganisms. Flaws in conventional vaccines and the increase in the diagnostic rate of disease in the last 5 yr suggest the emergence of pathogenic ARVs in the poultry flocks worldwide. This study aimed to characterize birds lesions and to detect/genotype ARVs from a severe outbreak of tenosynovitis in broiler poultry flocks from Brazil. Tissue samples of lesions on pelvic limbs of broiler chicken were collected in poultry flocks with a high condemnation rate of carcasses due to lesions and submitted to histological and molecular analysis. Major gross pathological lesions included marked swelling, edema, and hemorrhages. Serous exudate was present between the tendons and hock joint. Histological examination demonstrated necrosis and inflammation of muscle fibers, mixed inflammatory infiltrate was observed in subcutaneous tissue and tendon sheaths. ARVs RNA was detected in 5 samples tested by polymerase chain reaction. These samples were also genotyped and demonstrated the occurrence of strains of the ARVs lineages II and V in the flocks. These results suggest that theses field ARVs, genetically distant from previously characterized strains, are associated to tenosynovitis and present in commercial Brazilian poultry flocks.
INTRODUCTION
Avian reoviruses (ARVs) are divergent in their pathogenicity and can infect a variety of species worldwide (Jones, 2008) . Birds can be asymptomatic or have stunting syndrome, respiratory/enteric diseases, immunosuppression, malabsorption syndrome, viral arthritis/tenosynovitis, and even secondary infections by other viruses or bacteria (Jones, 2008; Davis et al., 2012) . There are also several economic significant losses caused by ARV infections in domestic poultry, including a general lack of performance, increased mortality in the flocks, diminished weight gain, poor feed conversion, and reduced marketability of the bird carcasses, especially in young meat-type chickens (Van der Heide, 2000; Jones, 2008 ARVs belong to the Orthoreovirus genus from the Reoviridae family with a non-enveloped icosahedral capsid and a genome of 10 double-stranded RNA segments. These genomic segments are classified according to the size of the RNA segments in large (L1, L2, and L3), medium (M1, M2, and M3), and small (S1, S2, S3, and S4). Genome segment S1 encodes sigma C (σC) sequence, the main genetic region used to characterize and classify ARVs into different genotype/pathotype groups (Attoui et al., 2011) . ARV strains have also been classified into different genotypes/clusters according to nucleotide and amino acid sequence diversity. Phylogenetic studies have been targeted to ARV genes with a high rate of nucleotide substitutions (mainly on σC region) and 6 distinct phylogenetic lineages (I to VI) were already detected in studies in the USA, Japan, Taiwan, and Australia. Interestingly, lineages generated from other genes of class S (σA, σB, and σNS) did not necessarily correspond to the σC lineage assignments, probably reflecting the occurrence of genome rearrangement in the evolution of ARVs (Liu et al., 2003) .
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Vaccination is one of the most used methods to control ARV. Four strains (S1133, 1733, 2408, and 2177) are currently commercialized as inactivated vaccines for commercial poultry flocks. However, recent studies have demonstrated these vaccines do not provide adequate protection, as a consequence of the genetic and antigenic diversity of the ARVs field strains (Lu et al., 2015; Tang and Lu, 2016) . The failure of conventional vaccines and the increased rate of disease diagnosis in the last 5 yr are alarming, indicating that emerging pathogenic ARVs are becoming imminent threats to the broiler industry in Europe (Farkas et al., 2016) and North America (Lu et al., 2015; Ayalew et al. 2017) .
The presumptive diagnosis of viral arthritis is based on clinical signs and macroscopic lesions. However, arthritis is not pathognomonic of ARVs and joint injuries can also be caused by some bacteria (Mycoplasma synoviae, Staphylococcus, Enterococcus, Escherichia coli, etc.) . The identification of the etiological agent is carried out by viral/bacterial isolation. The diagnostic value of the serological profile is often difficult to interpret because reovirus infections are widespread among commercial poultry flocks. This procedure is only useful as an indicator of immunity after vaccination (Jones, 2008) . Molecular assays (as polymerase chain reaction [PCR] ) have been used for the detection of ARVs in affected tissues (Liu et al., 2003; Caterina et al., 2004; Guo et al., 2011) . However, the high diversity of ARVs genome sequences has precluded the detection of some ARV variant field strains (Tang and Lu, 2016) . A recent study developed a universal TaqMan rRT-PCR assay for rapid detection of all ARVs of birds, including historical reference strains and newly emerging variants or novel strains from these avian species (Tang and Lu, 2016) .
Histological changes caused by ARVs in birds have been described since the 1960s (Kerr and Olson, 1964) . Lesions include edema, coagulation necrosis, accumulation of heterophiles, and perivascular infiltrate. They are observed in natural and experimental infections in the acute phase (7 to 15 d post inoculation in the plantar coxin). Hyperplasia and hypertrophy of synovial cells, lymphocyte and macrophage infiltration, and proliferation of reticular cells may also be visualized. These latter lesions cause the parietal and visceral layers of the tendon sheaths to become grossly thickened by developing a periostitis characterized by osteoclast enlargement. In the chronic phase (from 15 d post infection), synovial membrane develops hypertrophy of the villous processes and lymphoid nodules can appear. After 30 d, the inflammatory changes become even more chronic: there is an increase in the amount of fibrous tissue and a pronounced infiltration or proliferation of reticular cells; lymphocytes, macrophages, and plasma cells can also be observed (Jones, 2008) . Some studies showed the predominance of lymphocytes and other mononuclear inflammatory cells in the affected tissues (Reck et al., 2013; Lu et al., 2015) .
Brazil is one of the most important world poultry producers in recent years. However, there is a lack of data on the status of circulating ARVs associated to viral arthritis/tenosynovitis. This study aimed to characterize ARVs from a severe outbreak of viral tenosynovitis in broiler poultry flocks from southern Brazil.
MATERIALS AND METHODS

Poultry Samples
Samples of lesions on pelvic limbs of broiler chicken were collected in poultry flocks with a high condemnation rate of carcasses due to lesions. Samples from tibiotarsal joints (26), gastrocnemius muscle (55), gastrocnemius metatarsal extensor and digital flexor tendons (26), cranial tibial muscle (55), pubis ischiofemoral muscle (55), and medial crural flexor (55) were fixed in 10% neutral-buffered formalin and stained with hematoxylin and eosin for histological examination. Dry lesion swabs were collected, 1 mL of phosphate buffered saline pH 7.2 was added, mixed and stored at -80
• C until use. Routine bacteriological examinations were also carried out in the samples.
RNA Extraction and Detection of ARV and Mycoplasma by Real-time PCR
RNA of 5 suspected tissues was extracted by silica adsorption using commercial kit NewGene Prep/PreAmp according to the manufacturer's recommendations (Simbios Biotecnologia, Cachoeirinha, Brazil). ARVs were detected through a real-time reverse transcription PCR in a conserved region of the viral genome as previously described (Tang and Lu, 2016) . Vaccine strain S1133 was used as a positive control and ultrapure water was used as a negative control. All samples were also tested for Mycoplasma synoviae (MS) and Mycoplasma gallisepticum (MG) with commercial kits (Simbios Biotecnologia).
Genotyping of ARVs
Genotyping was carried out by RT-PCR and sequencing of the σC gene. A complementary DNA was produced with MMLV RT mastermix and was further amplified by nested PCR. The first PCR was proceeded with the primers ReoS-F1 (5 -TCRCAGCGAAGAGARGTCG-3 ) and ReoS-R1 (5 -GTCGATGCCSGTACGCACG-3 ). Amplification was performed in a total volume of 30 μL with 0.25 uM of each forward and reverse primers. Cycling conditions were as follows: 37
• C for 30 min, 95
• C for 3 min and 30 cycles of 95
• C for 20 s, 50
• C for 40 s, and 72
• C for 60 s, producing a fragment of 956 bp. The second PCR round was proceeded with 0.25 uM of ReoS-F2 (5 -TGATACTSTCMTTGACTTCGAACG-3 ) and ReoS-R2 (5 -CGACATCATRTAATCAGTKCG-3 ). Cycling conditions included an initial denaturation at 95
• C for 3 min, 35 cycles of 20 s for denaturation at 95
• C and 40 s of primer annealing at 50
• C, 60 s of extension at 72
• C producing a fragment of 652 bp. The amplification products were electrophoresed in polyacrylamide gel and stained with silver nitrate. Both strands of the PCR products were sequenced by Sanger method and further assembled using Geneiousv10.2.3 (Biomasters, www.geneious.com). Nucleotide sequences were deposited in Genebank under the accession numbers MG902943 to MG902948.
Sequence Assembly and Phylogenetic Analysis
The obtained sequences were aligned with Mafft (Katoh and Standley, 2013) with reference sequences from lineages I, II, III, IV, V, and VI, as previously described (Lu et al., 2015; Ayalew et al., 2017) . The phylogenetic tree was constructed based on acid amino sequence of the σC protein by the neighborjoining method with the Jukes-Cantor genetic distance model. Hypothesis robustness was tested with 2,000 non-parametric bootstrap analyses. All analyses were carried out using Geneiousv10.2.3 (Biomasters, www.geneious.com).
RESULTS
Gross Findings
Pelvic limbs of broiler chicken presented evident lesions by palpation just above the hock and were readily observed when feathers were removed. Condemnation index due to pelvic limb injuries accounted for a total of 5% of slaughtered chickens, sometimes reaching 60% of the animals in some flocks. Bird ages varied from 22 to 28 d, with no sex correlation. According to the data from the company, vaccination of the breeders and of the chickens against ARV was not carried out. The presence of major gross pathological lesions included marked swelling, edema, and hemorrhages ( Figures 1A  and B) . Serous exudate was present between the tendons and hock joint. All lesions were very similar but with variable intensity.
Microscopic Findings
Histological changes consisted of synovial membranes hyperplasia (Figures 2A and B) , in addition to numerous macrophages, plasma cells, and lymphocytes and lymphoid aggregates (11/26). In the subcutaneous tissue, there were an inflammatory infiltrate of lymphocytes, plasma cells, and heterophils (19/55), hemorrhage (19/55), and fibrin deposition (15/55). Necrosis of muscle fibers (14/55) was observed in the gastrocnemius muscle, as well as fiber reabsorption (4/55) and infiltration of lymphocytes, plasma cells, and macrophages (4/55). In the tibial cranial (16/55), pubisquiofemoral (19/55), and medial crural flexor muscles (15/55), lesions were similar and characterized by individual fiber necrosis associated with inflammatory infiltrate of lymphocytes, plasma cells, and macrophages, occasionally associated with heterophiles. Sometimes lymphoid aggregates (5/26) and the same inflammatory pattern (13/26) were observed extending from the muscles infiltrating the tendons sheaths gastrocnemius, metatarsal extensor, and digital flexor ( Figures 2C  and D) .
RT-PCR and Phylogenetic Analysis
All samples were positive by PCR for ARV and negative for MS and MG. Five RT-PCR positive samples (with cycle thresholds from 24.4 to 29.4) and different lesion degrees were further submitted to genotyping (Table 1 ). All of them presented an amplified fragment in the conventional PCR targeting σC gene. The sequences showed a similarity from 49.6 to 100% and grouped into 2 distinct lineage clusters (II and V). Four samples (BR˙SC 6996, BR SC 6998, BR SC 6999, and BR SC 6997) clustered in the same branch (II), whereas the remaining one (BR SC 7001) grouped in the cluster V (Figure 3) . No correlation was observed among genotypes and lesions.
DISCUSSION
The gross pathological lesions observed in the present study were similar to the lesions caused by ARV described in the literature (Lu et al., 2015) . Histological lesions seen in the present study were similar to the observed in an experimental study by ARV, demonstrating mixed inflammatory infiltrate in the tendon sheaths in the acute phase of the disease (Jones, 1978) . This pattern seems to be characteristic of ARV, since Mycoplasma sp. cause different histological lesions (Jones, 1978; Hill et al., 1989a, b) . In addition, the samples from this study were negative for MS and MG, the 2 main poultry pathogenic Mycoplasma species. ARV infects young birds, since they seem to become less susceptible to infection as they age and the histological lesions also tend to regress with the age (Jones and Georgiou, 1984) . The birds analyzed in this study were slaughtered in up to 28 days old; however, birds slaughtered with more than 35 d by the same company did not present gross lesions.
It is frequently not possible to isolate the agents that cause the bird lesions, since they are often not more found in a viable form in the moment of the sample collection (Jones and Georgiou, 1984) . Therefore, PCR has been a useful diagnostic tool in field situations. Molecular studies also help to understand the epidemiology, origin, and evolution of emerging variant virus strains (Kant et al., 2003; Kort et al., 2013) . In the present study, ARVs were detected by PCR in all suspect samples. In addition, all of them were Figure 3 . Phylogenetic tree of ARV strains based on the Sigma C sequence variability. The virus strains clustered into 6 genotyping groups (color coded). Our isolates are identified by ReoBR. The tree was built by neighbor joining method with Jukes-Cantor genetic distance model. genotyped and classified into 2 previously characterized lineage/clusters (II and V). These new Brazilian ARVs sequences clustered into specific tree branches in these 2 lineages, demonstrating the occurrence of local field strains. The 4 ARVs that clustered within lineage II showed more similarity to isolates from Canada and USA, whereas the strain BR SC 7001 of the lineage V was similar to ARVs sequences from Germany (Kort et al., 2013) , Israel (Goldenberg et al., 2010) , and USA (Lu et al., 2015) . Further, all Brazilian ARVs sequences were well distinct from the other lineages detected in USA, Tunisia, India (Kort et al., 2013) , and Israel (Goldenberg et al., 2010) . Specially, they were also different from the lineage I, where all are commercial vaccine ARVs, including S1133 strain. These results suggest that all field isolates are genetically distant from previously characterized strains and are disseminating in the Brazilian poultry flocks.
Although the number of complete genome sequences available in GenBank is still limited, sequence data collected in recent years suggest that the genetic material of the ARV strains is continually changing due to the known evolutionary mechanisms of reovirus as point mutation and rearrangements, resulting in genetically and antigenically heterogenous strains (Attoui et al., 2011) . Further, sequencing of whole genomes and determination of pathogenicity mechanism are needed to obtain better information about circulating strains of ARV and to develop efficient disease protection strategies (Ayalew et al., 2017) . In summary, the present study demonstrated epidemiological, gross and microscopic features associated with the presence of ARVs different from vaccine strains, highlighting the occurrence of ARV pathogenic strains in poultry flocks from Brazil. 
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